Pion production cross sections by neutrinos and antineutrinos v+j) -> p+e'"'+n+, v+p ~> p+e'l-+:n:-, are calculated in the lowest order perturbation theory for neutrino energies of 0.5 Bev, 1 Bev, 3 Bev, 5 Bev and 10 Bev in the laboratory system. The results are shown in Table I , in which we see that the" inelastic" cross section v+p ~> p+e-+n+ is much smaller than the "elastic" cross section at 1 Bev, while the former is about 10 times larger than the latter at 10 Bev. It is also found that the contribution of the Gell-Mann current is appreciable, The interfeaence term between the nucleon current and the Gell-Mann current turns out to be large enough to compete with the direct terms, The antineutrino cross sections are smaller than those of neutrino approximately by a factor of two and the main difference between them comes from the interference term. §
Introduction
Recently, high energy neutrino experiments have been made at Brookhaven and CERN, and much interesting results have been reported. 1) It would, therefore, be worth while to investigate the cross section of pion production by high energy neutrinos and antineutrinos. Let us assume that the perturbation approximation will serve as a starting point of further considerations, though higher order correction terms may be important, since strongly interacting particles are involved in these processes. The" inelastic" cross section with single pion production is calculated in the lowest order perturbation approximation, where attention is paid to the cross term between the nucleon current and the GellMann current, and to the comparison of the magnitude of the" inelastic" cross section with that of the "elastic" one. The numerical results are given in Table I anci comparisons with other calculations 2 ),3),4) are shown in Fig. 6 . In § 2 we calculate the" inelastic" cross section with single pion production in the perturbation approximation. Next in § 3 some discussions will be presented. We will first calculate the cross sections of "inelastic" scattering of neutrinos and antineutrinos
In the high energy neutrino reactions with single pIOn production, there are involved other channels like v+n ->{
in which less charged particles are involved compared to reactions (2, 1) and (2,2), and we expect that the former reactions will be detected sooner than the latter ones. The lowest order F eynman diagrams corresponding to the reactions (2, 1) and (2·2) are given in Figs. 1 and 2, respectively. The interaction Hamiltonian of each vertex is written as follows:
for a strong pion~nucleon vertex, and for a weak vertex~ where J a v and J a A are the vector and axial-vector current of the strongly interacting particles, and they are given by
In calculating the total cross sections, there appear integrals which cannot be calculated analytically. Some of them are estimated with the aid of I.B.M. 650. The results are shown in Table I and Fig. 3 , Table 1 . The numerical calculations are performed at three energies, which we choose to be 0.5 Bev, 1 Bev and 3 Bev, expecting that the reactions like (2 ·1) and (2·2) will soon be found experimentally and assuming that at higher energies the production processes of more than one pion will become increasingly important. In Table I we see that the cross terms between the nucleon-current and the Gell-Mann current give an opposite sign for neutrino and antineutrino, which is easily understandable in the following way.
Since the vertex parts are positive, the sign of the cross term is determined by the signs of propagators. The sign of the nucleon propagator in Fig. 1 is gIven in the laboratory system as 
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Then the interference between the nucleon current and the Gell-Mann current is positive in the neutrino reaction and negative in the antineutrino reaction. Since the processes like (2 ·1) and (2·2) involve strongly-interacting particles, the corrections are important. Trying to see the contribution of the nucleon form factors, let us compare the calculations of the cross sections of "elastic" processes Table II . The" elastic" cross section by means of the pure perturbation and the approximation with form factors (in a unit of 10-38 cm 2 ). one of which is done by the pure perturbation theory and the other by employing form factors.
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The results are shown in Table II and Fig. 4 . The form factors reduce the cross sections in the high momentum transfer region; at 10 Bev in the laborat0ry system the cross section with the form factors is smaller at least by factor ten. Though our numerical results should not be taken too seriously, we consider that the qualitative properties of the interference term will be preserved.
For the sake of reference we shall show a single pion productia-i~ cross section as calculated by employing form factors. In the previous paper4) we also calculated the total cross section (see Table   III ) in the peripheral model and the difference due to the methods used to approximate the form factors of strong and weak vertices. Summarizing these we shall plot the cross sections in Fig. 6 . Table III .
The cross section of single plOn production by neutrino approximated by means of peripheral model. Neutral pion production 0.02 X 10-38 0.06 X 10-38
